tion of the internal hair cells. The earliest changes occur in the basal turn of the cochlea and this correlates with the clinical manifestation of a high-tone perceptive deafness.
The studies of Massenat-Deroche (I954) showed that Soframycin was similarly able to produce auditory damage after parenteral use.
Material and methods
The subjects in this study were paitients undergoing routine intraocular surgery (mainly cataract extraction) who received a prophylactic injection of 250 mg. Soframycin in 0.5 ml. sterile water at the end of the operation; 33 patients, nineteen men and fourteen women, were studied. The mean age was 6I years (range of 13 to 8I). The 
Results
A total of 33 patients received 250 mg. Soframycin subconjunctivally. In three there were errors in blood sampling and the results were discarded. In 22 of the remaining thirty patients, serum Soframycin levels were available for the i to -Ii hr periods and these were grouped together as the "peak" serum levels. In three of these subjects no activity was recorded in the serum at any time and therefore these results were not included in deriving the mean. The mean peak serum level was 5-07 pg./ml. (with a standard deviation of serum level recorded was 9-6 pg./ml. and the minimum detectable peak level was o-6 pg./ml. In three patients no antibiotic activity was detected at any time within the first 6 hrs. In no subject was antibiotic activity detected in the preinjection serum sample. Hours after injection FIGURE Serum levels of Soframycin (,ug./ml.) after subconjunctival injection in 22 cases In the seventeen patients, from whom blood was taken later than 6 hrs after injection, the data are patchy but some useful information is available. In five patients, detectable levels of Soframycin were present at 9 hrs. In three of these, levels of o 53, o 57, and i.I pg./ml. respectively were present as late as 12 hrs after injection. In one subject, Soframycin was detected at a concentration of I-2 Isg./ml. at 25 hrs. In the remainder there was no detectable level from 20 to 29 hrs after injection.
A plot of body weight against peak serum levels suggested that a negative correlation might exist between these parameters. However, the correlation coefficient was not found to be statistically significant (r = -0383; P > 0o05 :). The urinary excretion of Soframycin was measured in twelve subjects. The Table shows the excretion of Soframycin expressed as a percentage of the dose injected subconjunctivally. The maximum recorded percentage was 33 8 and the minimum o g. In this last subject, and in another in whom only 2 per cent. of the injected dose was excreted, no serum levels of antibiotic were detected. 
Discussion
These results demonstrate that there is a substantial absorption of subconjunctivallyinjected Soframycin into the bloodstream. The high serum levels recorded were of a similar order to those reported by Massenat-Deroche (1 954) after the intramuscular injectionof 250 mg. framycetin sulphate in adult subjects. In his study, peak levels were reached in I hr and the mean peak value in six subjects was 6-5 pg./ml.
In the present study Soframycin was undetectable in the bloodstream of the majority of patients 24 hrs after injection; in a few, it was undetectable after only 6 hrs. Though the variation is great, it can be stated that the persistence of the antibiotic in the bloodstream is of a similar order after subconjunctival injection to that found after intramuscular i njection.
It may be noted that the highest serum level reported by Mass6nat-Deroche was 20 pg./ml., over twice the maximum level found in the present study. When it is recollected that most of the patients in this study underwent cataract extraction and that this involved opening the conjunctiva, it is clear that the opportunity would exist for loss of a proportion of the injected antibiotic into the conjunctival sac, and a reason for the lower levels found here is provided. Some support for this suggestion is given by the urinary excretion values, which were also on the low side. The maximum 24-hr percentage excretion was 33-8 per cent. Leach (I962) stated that, in patients with normal renal function, a single intramuscular dose of neomycin is rapidly excreted in the urine in 6 to 8 hrs and is completely cleared from the body in 24 hrs. It is not possible to say what is the effect of general anaesthesia on the renal handling of the injected Soframycin, but this may also have been a factor modifying serum levels.
It is likely that in the therapeutic situation, with the conjunctiva intact, higher serum levels of antibiotic might be expected which would approximate to those seen after intramuscular injection. Though the aim of subconjunctival injection is to achieve a high local concentration of the antibiotic in the eye, the degree of systemic absorption is sufficient to regard it as simply another form of parenteral injection with the same implications of systemic toxicity.
Although the bulk of cases of neomycin toxicity followed its early use as an intramuscular injection, there is evidence of significant systemic absorption and of toxicity after the administration of the drug by a number of other routes. Poth, Fromm, Wise, and Hsiang (I950) recorded a patient with ulcerative colitis who was given neomycin by mouth in a dose of o i g./kg. daily, in whom serum levels up to 3 ,ug./ml. were achieved.
In this subject, 3 per cent. of the total oral dose was excreted in the urine. Halpern and Heller (I96I) reported an adult who developed bilateral auditory impairment after 585 g. neomycin given orally to produce intestinal sterilization in hepatic coma. Last and Sherlock (i 960) reported deafness in a similar patient receiving 56o g. neomycin daily for hepatic failure. The serum neomycin on the day on which deafness developed was o04 pg./ml., but in view of the lag between dosage and the first clinical manifestations of the toxic effects, it would be unwise to give special significance to this figure. Fuller (i 960) reported deafness in two children using neomycin aerosol for staphylococcal pulmonary infection. The period of medication exceeded 2 years in each case though extending over a greater length of time. Campanelli, Grimes, and West (i966) reported hearing loss in a s-year-old child who received irrigation of an infected knee sinus with a solution of I0 per cent. neomycin over a period of 9 days (approximately 240 g. neomycin being delivered to the joint). Deafness after the irrigation of empyema cavities has been reported by a number of workers, and of particular interest is the report of Helm (i 960) of deafness in an adult after four weekly intrapleural injections of I g. neomycin, only 4 g. neomycin in all.
It is not possible to find in the literature the levels of neomycin in the bloodstream which may be regarded as toxic. It does not appear to be known for how long a minimum serum level must act to produce toxic effects in man and the absolute toxic level is also not known. For this reason, it is difficult to define a safe subconjunctival injection regime for Soframycin or indeed for any drug which is potentially systemically toxic. On the other hand, Soframycin is of proven therapeutic value in the treatment of ocular infection and after over I0 years of clinical use no report of systemic toxic effects has been made. It would be rash to modify clinical use without such evidence, and obviously similar considerations would apply to other ototoxic drugs, such as streptomycin, kanamycin, vancomycin, and gentamycin; particularly when, like kanamycin and vancomycin, they are also nephrotoxic.
Sorsby and Ungar (i960) have cautioned against the use of more than four consecutive daily doses of 500 mg. each of neomycin subconjunctivally because of the toxic potential of the drug. In the absence of any information to the contrary it would appear safe to employ a similar regime for the adult patient using Soframycin. On the other hand, in those circumstances where it might be expected that such a regime would produce unduly high serum levels, dosage should be modified. This is the case in patients with renal disease, and in infants and children.
In the presence of renal failure, systemically absorbed neomycin shows a cumulative rise with repeated dosage (Last and Sherlock, I960) . It would be simple to measure blood urea in patients about to receive multiple subconjunctival injections of Soframycin and, in the presence of renal failure, to monitor serum levels of the antibiotic and adjust subsequent dosage accordingly.
Similar arguments would suggest modification of the dose of subconjunctival Soframycin in children, where the full adult subconjunctival dose would represent a proportionately larger body weight dose. A higher and more sustained level of the antibiotic in the bloodstream would be anticipated than in the adult. It is salutary to recall that ototoxicity has been recorded with an oral dose of as little as 2 g. neomycin given to an infant treated for viral enteritis (King, I962) . This dose is equivalent to four 500-mg. subconjunctival injections, and one may assume that absorption from the subconjunctival space is greater than from the gastrointestinal tract.
In further studies it is intended to measure serum levels after the injection of 500 mg. doses subconjunctivally. The effect of combining adrenaline with the injection will also be examined. It is common to include adrenaline in the solution for injection to increase local absorption and prolong the persistence of the antibiotic in the eye (Sorsby and Ungar, I960). Experimentally it can be shown that adrenaline also results in lower antibiotic levels in the bloodstream after subconjunctival injection (Sorsby and Ungar, 1947) . In clinical use such an effect would be of value in reducing systemic toxicity. It is also intended to carry out a prospective study of audiometric performance in patients receiving subconjunctival Soframycin in order to detect subclinical ototoxicity. Summary (I) The systemic absorption of Soframycin after the subconjunctival injection of 250 mg.
has been studied in patients after routine intraocular surgery. 2) The levels reached in the bloodstream are of a similar order to those seen after intramuscular injection. The mean peak serum level was 5-07 gig./ml. and the maximum recorded was 9-6 gg./ml. In the majority of patients the antibiotic was undetectable in the serum 24 hrs after injection.
(3) In view of these findings and since Soframycin is potentially an ototoxic, nephrotoxic, and vestibulotoxic drug, it is suggested that ophthalmologists should use a lower dose regime for infants and children and that extra caution should be exercised in the treatment of patients with impaired renal function.
(4) There appears to be no need to alter the recommended dose regime in adults in the absence from the literature of definite reports of systemic toxicity.
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